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48 The Journal of Thoracic and Cardiobjective: The purpose of this study was to identify the relationship of preoperative
nd postoperative left atrial volume indices and dimensions with successful resto-
ation of sinus rhythm after the maze operation.
ethods: Forty-three patients who underwent the Cox-maze III procedure for
ermanent atrial fibrillation in conjunction with surgical intervention for various
eart diseases were evaluated. Echocardiographic studies were performed preoper-
tively and 3 months postoperatively. Volumes and dimensions were corrected for
ody surface area and analyzed.
esults: Sinus rhythm was restored and maintained in 36 (83.7%) of the 43 patients.
he preoperative left atrial volume index of the group with successful restoration of
inus rhythm (group A) was significantly smaller than that of the group with
nsuccessful restoration (group B: 76.7  16.4 vs 108.9  43.9 mL/m2, P  .047).
n group A the volume index (76.7  16.4 vs 52.3  15.0 mL/m2, P  .001) and
imension index (35.8  6.2 vs 30.8  4.7 mL/m2, P  .001) decreased signifi-
antly 3 months after the operation. No such significant changes were found in
roup B. The duration of arrhythmia for group A was significantly shorter than that
or group B (3.4  2.8 vs 13.7  8 years, P  .001).
onclusions: The preoperative left atrial volume index, as opposed to the conven-
ional left atrial dimension, and the duration of arrhythmia are important predictors
f successful sinus rhythm restoration after the maze operation. A significant
eduction of the volume index can be achieved in patients whose rhythm is
uccessfully restored and maintained after the procedure.
trial fibrillation (AF) is the most common sustained arrhythmia, with an
overall prevalence of 0.4%.1 AF is present in 2.3% of persons older tha
years and in 5.9% of those older than 65 years.2 It is associated with 
-fold increase in cardiac mortality and, in the absence of adequate anticoagulation
herapy, with a 5-fold increase in the risk for stroke.3 The maze procedure, initiall
eported by Cox and colleagues,4 has been used to improve hemodynamics 
ecrease the risk of systemic thromboembolism by restoring atrioventricular syn-
hrony in patients with AF.5
Echocardiographically determined left atrial size is known to be closely associ-
ted with the development of AF,6 and left atrial diameter (LAD) has been repo
o be an independent predictor of sinus rhythm restoration after the maze proce-
ure.7 There also have been reports noting that the predictive value of left
olume (LAV) on the risk for AF in elderly patients is incremental to that of the
linical risk profiles and the conventional M-mode left atrial dimension. The
urpose of this study was to identify the relationship of preoperative and postop-
vascular Surgery ● August 2007
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CDrative LAV and LAD with the successful restoration and
aintenance of sinus rhythm after the maze procedure.
aterials and Methods
ubjects
retrospective evaluation was performed on 43 consecutive pa-
ients with permanent AF who underwent the Cox-maze III pro-
edure combined with other types of cardiac surgery during a
eriod of 27 months (between October 2002 and December 2004)
t Samsung Medical Center, Seoul, Korea. Our study followed the
uidelines of the ethical review board of Samsung Medical Center.
linical characteristics, including combined heart disease, pres-
nce of rheumatic heart disease, New York Heart Association
unctional class, and duration of AF, were noted and evaluated.
he patients were separated into 2 groups according to history and
lectrocardiographic findings. Group A consisted of 36 patients
18 men and 18 women; mean age, 52.9  12.7 years; age range,
7–72 years) with successful restoration of sinus rhythm after
urgical intervention, and group B consisted of 7 patients (3 men
nd 4 women; mean age, 60.4  11.2 years; age range, 46–71
ears) whose restoration of sinus rhythm was unsuccessful.
ombined Cardiac Diseases and Other Major
ardiac Surgery
ll patients had combined organic heart diseases (21 with triple-
alve diseases, 18 with double-valve diseases, 3 with mitral valve
isease only, and 1 with tricuspid regurgitation). Two patients
oncomitantly had congenital heart diseases (atrial septal defect
nd ventricular septal defect, Table 1). The operations perfor
n conjunction with the maze III operation were as follows: mitral
alvuloplasty, 10 cases; mitral valve replacement, 21 cases; open
itral commissurotomy, 4 cases; aortic valve valvuloplasty, 5
ases; aortic valve replacement, 8 cases; tricuspid valve repair, 24
ases; atrial septal closure, 1 case; and ventricular septal defect
losure, 1 case.
ethod of the Maze Procedure
he maze procedure was performed with long cryoprobes. Custom-
ade straight (6 cm) and T-shaped (5 cm) long cryoprobes (Frig-
tronics, Cooper Surgical) were used and applied to separate sites
or 2 minutes and 30 seconds each at a temperature of60°C. The
eft atrial box and connecting lesion into the posterior mitral
nnulus were made. The left atrial appendage was closed internally
ithout excision, and the LAV reduction procedure was not used
n any case. The right atrial isthmus lesion was created and
xtended to the left atrial surgical incision. We occasionally added
lesion from right atrial appendage to the tricuspid valve annulus
Abbreviations and Acronyms
AF  atrial fibrillation
LAD left atrial diameter
LAV left atrial volumen case of a dilated right atrium. F
The Journal of Thoracicchocardiography
ransthoracic echocardiographic images were obtained by using
ommercially available echocardiography machines (Sequoia sys-
em, Acuson-Siemens, and Vivid 7 system, GE) equipped with
.5-MHz transducers. Left ventricular ejection fraction was calcu-
ated by using the modified Simpson method. Left atrial dimen-
ions were measured on an M-mode tracing taken from a paraster-
al long-axis view. The dimensions were corrected to body surface
rea (LAD index). LAVs were assessed by using the ellipsoid
length– diameter) method (see equations 1 and 2 below).8-10 An-
eroposterior (D1) and mediolateral (D2) dimensions were mea-
ured from the parasternal long- and short-axis views. The supero-
nferior (D3) dimension was measured from the apical 4-chamber
iew (Figure 1). Both the absolute volume and the volume in
o body surface area (LAV index) were obtained.
LAV index (4 ⁄ 3 D1 ⁄ 2 D2 ⁄ 2 D3 ⁄ 2) ⁄ BSA (1)
LAD index LAD ⁄ BSA (2)
here BSA is defined as body surface area.
The presence of left atrial mechanical function was determined
y the presence of the A wave of mitral inflow on Doppler
chocardiography.11 When the presence of an A wave was am-
ous, the atrial reversal flow of the pulmonary venous flow was
sed as a surrogate.
ollow-up Studies
ollow-up echocardiographic examinations for evaluation of
ADs and LAVs and the presence of atrial mechanical function
ere performed at 3 months after the operation in the manner
escribed above.
tatistics
or all statistical calculations, the SPSS 10.0 (SPSS, Inc) program
as used. Categoric variables were compared by using the 2 or
ABLE 1. Preoperative patient characteristics: Comparison
etween successful and unsuccessful sinus rhythm resto-
ation
Group A
(n  36)
Group B
(n  7) P value
ge (y) 52.9  12.7 60.4  11.2 NS
ex (M/F) 18/18 3/4 NS
YHA (I/II/III/IV) 1/19/16/0 1/4/2/0 NS
ssociated conditions
MVD 2 (5.6%) 1 (14.3%)
TR 0 1 (14.3%)
MVD  TR 16 (44.4%) 2 (28.6%)
MVD  AVD  TR 18 (50.0%) 3 (42.6%)
Rheumatic heart disease 25 (69.4%) 5 (71.4%)
roup A, Successful restoration of sinus rhythm after the maze III opera-
ion; group B, unsuccessful restoration of sinus rhythm after the maze III
peration; NS, not significant; NYHA, New York Heart Association func-
ional class; MVD, mitral valve disease; TR, tricuspid regurgitation; AVD,
ortic valve disease.isher exact tests. The Mann–Whitney U test and Wilcoxon rank
and Cardiovascular Surgery ● Volume 134, Number 2 449
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A
CDum tests were used for the comparison of nonparametric samples.
orrelation between the duration of AF and LAV was analyzed by
sing the Spearman correlation method. Values are expressed as
eans  standard deviations.
esults
atient Characteristics and Left Ventricular
jection Fraction
atient characteristics are listed in Table 1. There wa
ignificant difference between the 2 groups in terms of age,
ex, New York Heart Association functional class, or pres-
nce of rheumatic heart disease. The mean duration of AF
or group A was significantly shorter than that for group B
3.4  2.8 vs 13.7  8 years, P  .001). There was no
ifference in preoperative left ventricular ejection fraction
etween the groups (Table 2). None of the subjects in 
roup had significant mitral regurgitation at the 3-month
ollow-up.
reoperative and Postoperative LAVs
he preoperative LAV index of group A was significantly
maller than that of group B (76.7  16.4 vs 108.9 
3.9 mL/m2, respectively; P  .04). No such finding
ould be found when the volume data were not indexed
89.9  23.3 vs 137.1  50.4 mL, respectively; P  .11).
t follow-up, there was a significant decrease in the LAVndex for group A (P  .001), with no such decrease s
50 The Journal of Thoracic and Cardiovascular Surgery ● Augur
bserved for group B (P  .084), and the difference
etween the groups was more prominent (52.3  15.0 vs
8.1  35.5 mL/m2 , respectively; P  .001; Table 2).
reoperative and Postoperative LADs
he preoperative LADs and LAD indices for groups A and
were 58.1 8.1 versus 63.4 7.6 mm and 35.8 6.2 vs
7.7  7.7 mm/m2, respectively, with no significant differ-
nce between the groups in either value. There was a
ignificant difference in the indices 3 months after the
peration (30.8  4.7 and 35.3  8.5 mm/m2, respectively;
  .03; Table 2), the decrease in the LAD index for 
was statistically significant (P  .001), and there was no
ignificant change found for group B (Figure 2).
ssociation Between the Duration of Arrhythmia and
trial Size
ecause atrial size can be suspected to increase with pro-
ongation of arrhythmia, we evaluated the possible associ-
tion between LAV/LAD index and the duration of AF.
owever, no significant correlation could be found between
he variables.
ffect of the Maze Procedure on Left Atrial
echanical Function in Group A
or group A, left atrial mechanical function was demon-
Figure 1. Left atrial volume assessed by means
of the length– diameter ellipsoid method. Antero-
posterior dimension (D1; A and B), mediolateral
dimension (D2 ; A and C), and superoinferior di-
mension (D3 ; A and D).trated in 58.3% at follow-up. However, no significant as-
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A
CDociation was found between the restoration of mechanical
unction and the LAD index or LAV index (Table 3)
iscussion
F is a highly prevalent age-related condition associated
ith pronounced morbidity, mortality, and socioeconomic
urden,3 which can cause or exacerbate heart failure, 
ubstantially affect quality of life, and accounts for more
ospitalization days than any other arrhythmia.12 Therefore
roper management of this arrhythmia has been an impor-
ant aspect of current practice in clinical cardiology.13-15
Several reports have been published regarding the rate of
inus rhythm restoration after the maze procedure. Cox and
olleagues5 reported a success rate of 98% in 65 pati
hen the operation was performed in patients with struc-
ural heart disease,16 conversion was achieved in 82% (8
01 patients), and when the procedure was combined with
nother cardiac operation,7 the restoration rate was report
o be approximately 79%. In our study 83.7% of patients
ere successfully converted to and maintained sinus rhythm
fter surgical intervention, showing a figure consistent with
he data from prior reports.
As the size of the left atrium has been shown to be a
ignificant factor in the development and maintenance of
F,7,17 it might also be an important factor for predic
uccessful restoration of sinus rhythm after the maze pro-
edure. Kamata and associates7 demonstrated that the le
trial dimension was an independent predictor of sinus
ABLE 2. Comparison of echocardiographic parameters
nd the duration of atrial fibrillation between groups with
uccessful and unsuccessful sinus rhythm restoration after
he maze procedure
arameters Group A Group B P value
F (%)
Before operation 58.5 9.4 61.1  10.2 NS
After operation 60.4 10.2 61.2  4.4 NS
AD (mm)
Before operation 58.1 8.1 63.4  7.6 NS
After operation 49.9 6.9 59.7  10.1 NS
AD index (mm/m2)
Before operation 35.8 6.2 37.7  7.7 NS
After operation 30.8 4.7 35.3  8.5 .03
AV (mL)
Before operation 89.9 23.3 137.1  50.4 NS
After operation 78.5 17.4 127.3  47.5 .003
AV index (mL/m2)
Before operation 76.7 16.4 108.9  43.9 .04
After operation 52.3 15.0 98.1  35.5 .001
uration of AF (y) 3.4 2.8 13.7  8 .001
F, Ejection fraction; NS, not significant; LAD, left atrial diameter; LAV, left
trial volume; AF, atrial fibrillation.hythm restoration after the procedure, and Yashima and v
The Journal of Thoracicoworkers18 reported that in patients with nonrheuma
itral valve disease who underwent this operation, a sig-
ificant negative correlation was observed between the pre-
perative left atrial dimension and the left atrial contractile
unction at the late postoperative phase. However, the left
trial dimension is a unidimensional value that sometimes
nderestimates or overestimates the true size of the left
trium. For this reason, estimation of the LAV might be
eeded to accurately measure the atrial size and predict the
ossibility of sinus rhythm restoration after the maze pro-
edure. Our results clearly show that the preoperative LAV,
specially when indexed to body surface, is a good predictor
f rhythm restoration after the procedure, whereas the pre-
perative LAD indices could not predict the follow-up
esults. A preoperative echocardiographic evaluation in sub-
ects with AF should therefore definitely include measure-
ent of the LAV index.
The duration of AF has also been shown to be an issue
elevant to successful conversion of the arrhythmia, either
edical or surgical. Kosakai and others16,19 have noted tha
atients who remained in AF after the operation had a
onger duration of AF before surgical intervention. Our
tudy results are in concordance with these previous reports,
ith a difference of 10 years in duration of AF between the
uccessful and unsuccessful groups.
As with the follow-up data, Chen and associates20 dem-
nstrated that at 3 months’ follow-up after the maze proce-
ure, a reduction in atrial size appeared to predict the
uccess of sinus conversion when the procedure was per-
ormed in conjunction with valvular heart surgery. Our
esults also confirm this finding, with a significant reduction
n atrial volume in the successfully maintained group at
ollow-up.
The recovery rate of left atrial function, which was
round 60% in our study, was similar to those previously
eported.5,21 Disappointingly, neither LAV nor LAD ind
howed significant associations with recovery of atrial func-
ion. This might have been a result of the relatively small
tudy population, and further studies are warranted to elu-
idate this aspect of management of AF.
tudy Limitations
here are some limitations of this study that must be rec-
gnized. First, our results might have been partially skewed
ecause of the relatively small total study population and
he number of cases of unsuccessful sinus rhythm restora-
ion; however, we think that the clear difference between the
uccessful and unsuccessful groups makes our results suf-
ciently valid. Second, because of the short duration of
ollow-up, we cannot conclude that our results can be
xtended to a longer period of follow-up. Further pro-
pective studies should be carried out for a longer term to
erify our results. Third, it might have been very useful
and Cardiovascular Surgery ● Volume 134, Number 2 451
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CDf we could have performed a linear regression analysis
nd obtained a receiver operating characteristic curve to
roduce a cutoff value for recommending the maze pro-
edure. However, because the study population (espe-
ially the number of failed cases) was too small and the
ata did not follow a normal distribution pattern, such an
nalysis was not considered suitable with our dataset.
urther studies might focus on this point and produce
uch a value.
onclusions
he preoperative LAV index measured by means of echo-
ardiography and the duration of AF are significant predic-
ors of successful sinus rhythm restoration after the maze III
rocedure. Significant reduction of the LAV index after the
aze III operation can be found in patients whose rhythm is
uccessfully restored and maintained.
We thank Dr Dong-Ryeol Ryu for his exceptional effort in
Figure 2. Comparison of left atrial dimension (LAD) ind
after the maze operation. Group A, Successful restor
unsuccessful restoration of sinus rhythm after the maz
ABLE 3. Comparison between left atrial mechanical func-
ion and left atrial diameter and left atrial volume indices
n patients whose sinus rhythm was successfully restored
fter the maze procedure
arameters
LA activity
(; n  21)
LA activity
(; n  15) P value
AD index (mm/m2) 30.1 2.8 31.1 3.2 NS
AV index (mL/m2) 51.2 11.1 53.3 16.2 NS
A, Left atrium; LAD, left atrial dimension; NS, not significant; LAV, left
trial volume.btaining the clinical data for completion of this study.
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